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Abstract We conducted a bibliometric analysis of research in or about South African
National Parks, published between 2003 and 2013. Our goal was to identify the major
research topics, and to examine the role of in-house (‘‘embedded’’) researchers in pro-
ducing relevant knowledge and in leveraging additional benefits through collaboration with
external researchers. The authorship of 1026 papers was highly collaborative, with the
majority of papers (70 %) being contributed by external researchers. Research was con-
centrated in five of the 19 parks, and was biased towards animal and ecological process
studies in savanna ecosystems. Researchers have mainly worked in older, larger, and
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arguably more aesthetically-appealing parks that are either close to hand or that provide
subsidized accommodation to researchers, and that have established experimental setups or
useful long-term data; smaller and more remote parks have received less research attention.
Certain priority topics for management, such as degradation of freshwater ecosystems,
global change, marine ecology, and socio-ecological dynamics have not received much
attention, and are areas identified for growth. Embedded authors were found to be more
highly connected and influential than external researchers, leveraging and connecting many
research projects. We conclude that there are significant benefits to be gained for the
management of protected areas through the maintenance of an embedded research
capability.
Keywords Citation rates  Disease  Fire  Invasive alien species  Mammals  Research
collaboration
Introduction
The establishment and scientific management of a network of protected areas is one of
the strategies for conserving the world’s natural ecosystems. Protected areas can also
serve as research laboratories, where ecosystem processes can be studied in relatively
undisturbed environments, thus providing a benchmark against which change in unpro-
tected, disturbed or transformed areas can be assessed. The management of protected
areas seeks to prevent the degradation of natural ecosystems and the loss of species in the
face of many threats, including invasion by alien species, illegal resource use and
poaching, and altered fire and hydrological regimes. For example, it has been estimated
that protected areas have kept the extinction rates of mammals, birds and amphibians
20 % lower than would have been the case without these refuges (Hoffmann et al. 2010).
It is frequently suggested that conservation management practices should be informed by
the best available evidence, and the generation of evidence in turn requires ongoing
research (Adams and Sandbrook 2013).
Several organizations responsible for the management of a network of protected areas
maintain an in-house research capability. Scientists working for conservation agencies
within protected areas are expected to conduct research that is robust and dependable,
aligned to the achievement of conservation goals, and relevant to managers (Roux et al.
2015). These ‘‘embedded’’ scientists are more likely to be able to influence management,
as they are aware of research needs of management, and are enmeshed in the culture and
operations of the organization. In this capacity, they gain insights into the constraints and
initiatives of their management colleagues by building relationships, sharing ideas, and
collaborating informally or formally (Jenkins et al. 2012). In addition, embedded
researchers can improve their productivity through active collaboration with external
researchers, and even in cases where there is no formal collaboration, embedded
researchers can influence external researchers during the process of reviewing project
proposals. Embedded researchers also facilitate access and support to external researchers
who wish to work in protected areas. It is important to facilitate access to national parks
for external scientists, both to increase overall research productivity and to further
increase understanding among in-house researchers. As such, embedded researchers can
be seen as bridging agents, with an important two-way role to play in translating and
186 Scientometrics (2016) 107:185–212
123
repackaging needs and knowledge between field practitioners and scientists (Sunderland
et al. 2009).
Here we report on a bibliometric analysis of papers based on research in or about South
African National Parks, and published over 11 years. Our intent was to examine two
issues. First, we wished to identify the topics that were addressed, and the extent to which
National Parks served as open-air research laboratories in which understanding of these
topics could be studied in relatively undisturbed environments. Secondly, we examined the
role of in-house researchers employed by South African National Parks and the Depart-
ment of Agriculture in the case of some veterinarians living and working in Kruger
National Park (hereafter ‘‘embedded researchers’’) in producing a body of knowledge that
could be used to improve management, both with and without the collaboration of external
researchers.
Methods
Identification of research papers
South Africa has a network of 19 National Parks, ranging in size from 2000 to 2,000,000
ha. The responsibilities for research in individual parks are divided between three in-
house research centres (Savanna and Arid, Cape, and Garden Route; Table 1). We
identified all peer-reviewed papers (excluding book chapters) published between 2003
and 2013 that were based on research carried out in one or more of these parks, or
relevant to the ecology and management of a park or parks. The papers were identified
by searching Google Scholar using keywords that included the names of individual parks
(or variants of these names where they had changed over time), or the use of both
‘‘National Park’’ and ‘‘South Africa’’ in the paper. We also searched for papers listing
any of the embedded researchers as authors, but excluded any papers by these authors if
they did not arise from work in a National Park. Lists were checked against the National
Parks Annual Research Reports (available for 2012 and 2013 only), and by asking
embedded researchers to check the list for completeness. Papers were also included in
our analysis if they reported studies beyond the boundaries of National Parks, provided
that a National Park contributed to the study (for example comparisons between National
Parks and adjacent unprotected areas; or studies where at least some of the data were
collected in National Parks).
Classification of research papers
Copies of all papers were obtained, and information pertaining to each paper was
assembled in a database. Information on the database included a unique identifier for
individual authors, their affiliations, and the park in which the research was conducted (if
the paper covered more than one park, it was assigned to a category for ‘‘several parks’’).
We examined each paper in enough detail to be able to assign it to an ecosystem type.
Ecosystem types included the major terrestrial biomes of South Africa (savanna, fynbos,
thicket, grassland, karoo, and forest), and aquatic biomes (marine, freshwater and estu-
arine). If the paper covered more than one ecosystem, it was assigned to all of the
ecosystem types relevant to the paper. During examination of the papers, we identified ten
broad categories of research (Table 2), and classified papers in terms of these categories
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(papers that addressed more than one category of research were classified under two or
more categories). Papers were then further classified by sub-categories, based on the major
focus of the work (Table 2).
Mapping of research topics
We used VOSviewer (version 1.5.2; http://www.vosviewer.com/) to identify and map the
primary research topics discussed in the papers, based on the co-occurrence of words in the
titles and abstracts of papers. A text corpus from the Web of Science (WoS) was used to
create the co-occurrence maps, and consequently we were only able to do this for papers
published in journals recognised by WoS (853 out of the 1026 papers in our sample). This
enabled the visualization (van Eck and Waltman 2010) of research topics and relationships
in the data set as a whole, and within subsets of the data. A threshold of 10 occurrences of a
term was applied.
Table 1 Salient features of South African National Parks






Addo Elephant 163,297 1931a Garden Route Thicket, fynbos, karoo, marine,
freshwater (rivers)
Agulhas 20,415 1999 Cape Fynbos, estuarine, marine
Augrabies Falls 58,699 1966 Savanna and Arid Karoo
Bontebok 2432 1961 Cape Fynbos
Camdeboo 18,946 2005 Savanna and Arid Karoo
Garden Route 137,796 2009b Garden Route Fynbos, forest, estuarine,
marine
Golden Gate 34,062 1963 Savanna and Arid Grassland
Kalahari
Gemsbok
960,029 1931 Savanna and Arid Savanna
Karoo 84,082 1979 Savanna and Arid Karoo
Kruger 1,962,362 1926 Savanna and Arid Savanna, freshwater (rivers)
Mapungubwe 15,311 1998 Savanna and Arid Savanna, freshwater (rivers)
Marakele 60,865 1994 Savanna and Arid Savanna
Mokala 25,902 2007 Savanna and Arid Savanna
Mountain Zebra 27,900 1937 Savanna and Arid Karoo
Namaqua 130,641 2001 Cape Karoo, marine
Richtersveld 162,445 1991 Savanna and Arid Karoo, freshwater (rivers)
Table Mountain 33,010 1998 Cape Fynbos, estuarine, marine
Tankwa Karoo 138,570 1986 Cape Karoo
West Coast 47,026 1985 Cape Fynbos, marine
a Substantially expanded in 1995 to include additional land and a marine component
b A smaller portion of the Garden Route National Park was proclaimed as the Tsitsikamma National Park in
1964
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Table 2 Classification of research papers by categories and subcategories
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Effect of authorship on citation frequency
We used citations to illustrate the scientific impact of publications about South African
National Parks by different combinations of authors. We selected all papers classified on
the WoS as either articles or reviews, and used the WoS raw data from Thomson Reuters,
housed at the Centre for Research on Evaluation, Science and Technology at Stellenbosch
University, for the citation analysis. We used the data as available at the end of 2013. The
papers were categorised in terms of the number of authors (single-author or multi-author
papers), and the origin of authors (including or excluding international authors, and
including or excluding embedded researchers). Since citation analysis requires a citation
window of at least 1 year, we only took papers dated 2012 or earlier into account. This left
Table 2 continued
Category of research Description Subcategories
Threatening processes Papers that report on threatening
processes
Invasive alien species




Palaeontology Papers reporting palaeontological
studies
None
Social Papers that report predominantly on
the human dimensions affecting, or






Tourism and visitor perceptions





Management Papers that have clear management
recommendations or evaluations
Design of management and
conservation policies
Design of management and
conservation systems
Monitoring and evaluation of
management practices
Monitoring of populations (census,
game counts)
Methodological studies Papers that report on the
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a total of 722 valid papers for the citation analysis. The citation analysis was performed
with and without self-citations (self-citation occurs if the citing paper and the cited paper
have at least one author name in common). We examined both all citations over the
lifetime of the paper, and 2-year citation windows (where the number of citations was
limited to the first 2 years after publication). The year 2012 was excluded from the 2-year
citation analysis as citation records were available only until 2013. This left a total of 597
papers for the 2-year window analysis.
Role of embedded versus external researchers
We compared the role of embedded and external researchers by calculating two cen-
trality metrics for individual authors, and comparing means for embedded and external
researchers separately (Lui et al. 2005). Degree centrality simply measures the number
of connections that tie authors to their co-authors in the publication data set.
Betweenness centrality measures how often a particular author is found on the shortest
path between papers in the publication data set. Authors with high betweenness scores
are those who control the flow of information between nodes (papers) in the dataset. We
hypothesized that embedded researchers would be more likely to be more highly con-
nected and influential than external researchers, as measured by the degree and
betweenness measures of centrality, thus supporting the notion that they play a facili-
tating role in research.
Results
Authorship of papers
We identified 1026 papers published between 2003 and 2013 (Fig. 1). The research
reported in published papers showed a high degree of collaboration between researchers
from many organizations. A total of 2003 authors from 578 organizations contributed to
the 1026 published papers, with a mean of 3.8 authors per paper across all papers. For
papers that included embedded researchers as authors, the mean number of authors per
paper was higher (5) than for papers that did not include an embedded author (3.3). Just
under one third (30 %) of the papers included at least one embedded author, of which most
(26 out of the 30 %) also included an external author or authors; 70 % of papers published
had no co-authorship by an embedded author. Papers written by a single author were rare
(10 % of papers), and half of the multi-authored papers included an international collab-
orator (Fig. 2). Most (87 %) of the papers had at least one South African author, with
authors from the United States (20 % of papers), the United Kingdom (10 % of papers),
Germany (7 % of papers), Australia (5 % of papers), and the rest of Africa (4 % of papers)
also making contributions. Not surprisingly, embedded researchers constituted the largest
single source of authors (30 %) to papers, with substantial contributions ([10 % of all
papers) coming from the South African Universities of Pretoria, Cape Town and Stel-
lenbosch, and internationally from the Universities of California (USA) and Oxford (UK)
(Fig. 3).
A relatively small number of authors made a disproportionate contribution to the
published output over the period examined. The authors listed in Table 3 made up 2 % of
all authors, but contributed to 31 % of the papers (counts in Table 3 are not unique paper
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counts, given that some of the authors collaborated on the same paper). Of these authors,
nine were embedded researchers, nine were external South African researchers and four
were international collaborators.
Distribution of research across parks and ecosystem types
A large majority (85 %) of all papers arose from research conducted in only five of the 19
parks (Kruger, Garden Route, Table Mountain, Addo Elephant and Kalahari Gemsbok),
with more than half (54 %) of all papers being from the Kruger National Park (Fig. 4).
Most (59 %) papers reported on research in savanna ecosystems, with between 8 and 12 %
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author
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one international author

































Fig. 1 The number of papers based on research in or about South African National Parks published
between 2003 and 2013 (grey plus black shading), with a subset of papers co-authored by embedded
researchers (black shading)
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Surprisingly (given their importance and vulnerability), freshwater ecosystems were poorly
researched, with only 5 % of all papers addressing this ecosystem type (Fig. 5). The
VOSviewer map created for all papers in savanna ecosystems forms four distinct clusters
of issues (Fig. 6). These are (1) management-related papers (top right, blue cluster); (2)
research related to the ecology and dynamics of savanna ecosystems, including interactions
between fire, herbivory and vegetation structure and composition at a range of scales
(bottom right, red cluster); (3) animal populations, including predator–prey relationships,
and mortality and declines in populations of certain species (bottom left, green cluster);
and (4) disease in African buffaloes (Syncerus cafer) (top left, yellow cluster).
Issues addressed in research
Our analysis has revealed that research in South African National Parks has had a strong
focus on animals and ecological processes in terrestrial ecosystems, mainly savannas, and
that most of this research has been conducted in the Kruger National Park, supplemented
by research in the Addo Elephant and Kalahari Gemsbok parks. Together, these three parks
accounted for 68 % of the published papers, in which accounts of the ecology and man-
agement of large mammals dominated. It is perhaps not surprising to find this bias. Large,
charismatic or iconic megafauna are appealing subjects for research, and protected areas
such as National Parks are rapidly becoming the only places where significant wild pop-
ulations survive, and can be studied. In addition, managers of protected areas often focus
their attention on such species as they are conspicuous, ecologically significant, and dis-
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Fig. 3 The relative contribution (% of all papers, n = 1026) of research organizations to the authorship of
individual papers based on research in or about South African National Parks published between 2003 and
2013
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Table 3 The 22 authors responsible for the largest share of papers published between 2003 and 2013,








Grant, C.C. 36 Plant-animal interactions and nutrient




















23 Large mammal ecology Kruger Embedded
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23 Large mammal ecology Kruger South African
academic
Biggs, H.C. 21 Complexity and adaptive management Kruger Embedded
researcher
Smit, I.P.J. 21 Savanna ecology, remote sensing Kruger Embedded
researcher
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Bengis, R.G. 17 Veterinary and disease research Kruger Embedded
researcher
Bond, W.J. 17 Fire ecology in savanna ecosystems Kruger South African
academic




17 Paleo-anthropology Kruger International
academic
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and Leader-Williams 2002). Researchers who work on these species also seem to be more
successful in attracting research funding (Leader-Williams and Dublin 2000).
The five parks in the fynbos (Mediterranean-climate shrubland) biome (Garden Route,
Table Mountain, West Coast, Bontebok and Agulhas, four of which include a substantial
marine component) accounted for a further 25 % of all papers published. Again, studies on
animals dominated this research, accounting for more than half (52 %) of the papers.
However, in contrast to the savanna parks, animal-related research investigated marine
animals and birds, rather than large terrestrial mammals. In the fynbos parks, papers on
management, fire, and invasive alien species also featured prominently.
The VOSviewer map created for all papers across all parks in WoS forms four distinct
clusters of issues (Fig. 7). These are (1) papers reporting on the ecology of savanna
































































Fig. 4 The contribution of individual South African National Parks to the number of papers published
between 2003 and 2013
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fire, and the influence of herbivory and key herbivores such as elephants (Loxodonta
africana) (top right, green cluster); (2) management-related research, where the tension
between conservation and development, and the development of indicators, monitoring,
and adaptive management were studied (bottom left, red cluster); (3) animal-related
research, which is also the largest single category with almost half (49 %) of all papers
(right-hand, yellow cluster); and (4) non-savanna research, including estuarine, coastal and
fish studies (central blue cluster). More than half (56 %) of the animal-related papers
reported research about mammals, including African buffaloes, lions (Panthera leo), wild























Fig. 5 The distribution across ecosystem types of papers (n = 1026) based on research in or about South
African National Parks published between 2003 and 2013
Fig. 6 Visualization of research clusters and topics based on the frequency of words in the titles and
abstracts of 512 papers reporting research in savanna ecosystems
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camelopardalis) (Fig. 8). The mammal-related research was concentrated in three parks
(Kruger, Addo Elephant and Kalahari Gemsbok), which accounted for almost all (90 %) of
the mammal-related work. Work on insects and terrestrial invertebrates made up 18 % of
all animal-related papers, while work on birds accounted for 11 % of all animal-related
papers.
Research into ecosystem processes made up the second-largest category after animal-
related research, with 29 % of the papers. These studies formed two distinct clusters
(Fig. 9). The first cluster included studies on the links and interactions between fire,
vegetation structure and nutrient dynamics, and also examined management implications
(left-hand, red). More than a quarter of the papers in this category addressed fire-related
research, which was concentrated in the Kruger National Park (60 papers), with the
remainder addressing fire in fire-prone parks in fynbos ecosystems (Table Mountain,
Garden Route and Bontebok National Parks). The second cluster depicts processes
affecting animal population dynamics, including predator–prey relationships, animal dis-
eases, and nutrient cycling and biogeochemistry (right-hand, green). All of the disease-
related research (41 papers) took place in the Kruger National Park, where the ecology of
bovine tuberculosis and foot-and-mouth disease in African buffaloes are the dominant
issue.
Almost half of the plant-related research was categorized as descriptive vegetation
studies (Fig. 8), and these studies were the only sub-category that was well-distributed
across all National Parks (14 out of the 19 parks had vegetation studies carried out in
them). Tree-related research made up the next-largest subcategory, and this work was
almost exclusively carried out in the Kruger National Park, where there is a concern that
growing elephant numbers and frequent fires are driving a steadily-increasing loss of large
trees from the landscape (Shannon et al. 2011; Vanak et al. 2012). Research into
Fig. 7 Visualization of research clusters and topics based on the frequency of words in the titles and
abstracts of 853 papers reporting research in all South African National Parks
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threatening processes (not depicted in Fig. 8) was largely focused on invasive alien species
(62 % of papers in this subcategory).
The above categories of biophysical studies made up the bulk of research, but this was
complimented by papers that were categorized as social studies addressing management
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Fig. 8 Percentage of papers that addressed major categories (a) and subcategories (b–f) of research (see
Table 2 for full titles of subject categories). The panels are: a major categories of research (n = 1026);
b subcategories of animal research (n = 498); c subcategories of ecological process-related research
(n = 300); d subcategories of plant research (n = 138); e subcategories of management-related research
(n = 127); and f subcategories of social research (n = 119)
Fig. 9 Visualization of research clusters and topics based on the frequency of words in the titles and
abstracts of 268 papers reporting research on ecosystem processes
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development of policy as well as implementable practices, and the monitoring and eval-
uation of management effectiveness. Socio-economic research mainly sought to quantify
the benefits of protected areas, and to examine tourism issues such as visitor expectations
and perceptions, but they also addressed exploitation of resources, conflicts and political
issues.
Focus of embedded researchers versus other authors
Separation of papers into those that either included or excluded an embedded author or
authors revealed noticeable differences in the research focus between these two groups.
The research conducted by embedded authors formed three distinct clusters (Fig. 10).
These were (1) research into protected area management, including the design of man-
agement approaches, their application and consequences (top right, green cluster); (2)
factors influencing populations of species, including predator–prey relationships (left-hand,
red); and (3) fire effects, especially on the tree-grass balance in savanna ecosystems (the
third (bottom right, blue). By contrast, research conducted by external (academic) authors
formed four distinct clusters. These were (1) ecosystem processes such as fire and its
effects on vegetation, nutrients and biomass (bottom right, blue); (2) issues related to
biodiversity in protected areas (top centre, red); (3) research into fish and birds in marine
environments (top centre, red); and (4) the ecology of large mammals, including rela-
tionships between predators (lions) and prey, and disease effects on buffaloes (lower right,
yellow).
Effect of authorship on citation frequency
Mean citation frequencies for papers in different authorship categories varied threefold,
from 15.3 citations for multi-author papers by South African external and embedded
authors, to 4.8 for single-author papers by embedded researchers (Table 4). Multi-authored
papers including embedded researchers achieved slightly higher citation rates (a mean of
15–15.3 citations per paper) than papers that did not include embedded authors (a mean of
11.7–12.5 citations per paper), suggesting that papers that included embedded authors
attracted more attention. This pattern was reversed for single-author papers, where papers
by external researchers attracted more citations than papers by embedded researchers
(means of 8–11.7, and 4.8 citations per paper respectively, Table 4). The papers that
achieved the highest citation rates (Table 5), however, more often excluded embedded
authors (12 out of 17 papers), and more often included an international author (13 out of 17
papers).
Journals targeted
Papers in our dataset were published in 339 journals (a mean of three papers/journal). The
most frequently-used journal was Koedoe, the South African National Parks in-house
scientific journal (8 % of all papers published, Table 6). In this regard, papers that listed an
embedded researcher as one of the authors appeared in Koedoe more frequently (17 % of
all papers with an embedded author) than did papers without embedded authors (5 % of the
remaining papers). The 10 most frequently-used journals contained 29 % of all papers in
our dataset; of these, four were South African journals and three more were African
journals. These journals had lower impact factors than the three international journals in
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Fig. 10 Comparison of research clusters associated with papers with: a embedded authors (n = 250);
b papers without any embedded authors (n = 603)
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the top 10 (mean impact factors of 1.07 and 3.17 respectively, Table 6). The most fre-
quently-used journals were all in the biological and environmental subject categories,
including biodiversity conservation, biology, ecology, environmental science, marine and
freshwater biology, multidisciplinary sciences, plant science, and zoology.
Role of embedded versus external researchers
Embedded researchers were on average more highly connected than external researchers
(mean centrality scores of 17.7 and 6.8 respectively) and more influential (mean
betweenness scores of 1047.3 and 70.1 respectively, Table 7). Embedded researchers also
featured more prominently among the authors with the highest centrality measures (seven
out of the top 10 authors were embedded researchers, for both degree and betweenness
metrics).
Table 4 Citation statistics of papers in different categories of authorship
Authorship of paper Number of
papers (all years,
and first 2 years)
Statistic All citations between
date of publication
and 2013
Citations in the first




















Mean 11.7 9.4 5.5 3.7
Median 6 5 3 2







Mean 12.5 9.5 3.8 2.4
Median 7 4 2 1







Mean 15 10.9 4.9 3
Median 7.5 5.5 3 2







Mean 15.3 11.5 4.6 2.9
Median 7 5 3 2





Mean 8 6.5 3.2 1.4
Median 9 4 2.5 0.5






Mean 11.7 9.4 3 2.1
Median 6 5 1 1





Mean 4.8 3.7 2.9 2
Median 3 3 1 1
Range 0–14 0–11 0–13 0–10
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Table 5 The ten papers with the highest number of citations [either all citations, or citations within 2 years
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Discussion
Protected areas as research laboratories
We were interested in examining the degree to which National Parks acted as outdoor
laboratories that would attract researchers and generate knowledge about relatively
undisturbed ecosystems. The Kruger National Park, where most of the work was done, has
clearly played this role. This park in particular provides an increasingly rare, relatively
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and it also borders many different land-uses, allowing comparative and socio-ecological
studies. There are however other factors that characterize those parks that are more likely
to act as outdoor laboratories than others. A comparison of the five parks in which the most
research was carried out (the ‘‘utilised parks’’, Kruger, Garden Route, Table Mountain,
Addo Elephant and Kalahari Gemsbok, Fig. 4) with the five in which the least research was
carried out (the ‘‘under-utilized parks’’, Golden Gate, Namaqua, Tankwa Karoo, Camde-
boo and Mokala) suggests that several interacting factors may contribute to a park’s
attractiveness as a research destination. These factors are discussed below.
Availability of research facilities
Three of the utilised parks (Kruger, Kalahari Gemsbok and Addo Elephant) have dedicated
subsidized accommodation facilities for researchers, while none of the under-utilized parks
have such facilities. These research facilities were created because of the research interest
in these parks, but probably at the same time stimulate and attract further research interest.
Existence of experiments and data sets
The utilized parks, and in particular the Kruger National Park, all have long-term data sets
or experiments that can support research. In Kruger this includes a long-term experiment
investigating the effects of fire (Biggs et al. 2003; van Wilgen et al. 2007), and both
management and experimental herbivore exclosures where the long-term effects of her-
bivory can be examined (see, for example, Asner et al. 2009; Scogings 2011). In addition,
Table 6 The ten journals most frequently targeted by authors of papers addressing South African National
Parks between 2003 and 2013
Journal Number of papers (% of
all papers)
Subject categories Journal impact
factor (2013)




South African Journal of
Botany
33 (3) Plant Sciences 1.340






African Journal of Ecology 26 (3) Ecology 1.000





African Journal of Marine
Science
25 (2) Marine and Freshwater
Biology
1.057
Plos One 23 (2) Multidisciplinary
Sciences
3.534
African Zoology 23 (2) Zoology 0.848
Journal of Zoology 20 (2) Zoology 1.947
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many long-term data sets exist and have been used to attract support many research
initiatives (Freitag 1998). Embedded researchers in Kruger have also set up four research
‘‘supersites’’, which provide a geographic focus for future research effort (Smit et al.
2013). It is intended that these supersites will focus long-term data collection, data sharing
and co-learning, and ultimately lead to a more integrated, multi-scaled and multi-temporal
understanding of savannas. Garden Route and Table Mountain both have a long history of
vegetation-related research that precedes their proclamation as National Parks (see, for
example, Thuiller et al. 2007; Seydack et al. 2011; van Daalen 1991). Addo Elephant
National Park also has exclosure plots where the effects of herbivory have been studied
(Lombard et al. 2001) and vegetation plots that have been monitored for over 40 years
(Penzhorn et al. 1974; Landman et al. 2014). The under-utilized parks do not host any
experiments, nor do they have any long-term data sets.
Table 7 A comparison of embedded and external authors ranked according to two centrality mea-
sures. Means and medians for all authors (n = 2003) given at the end of the table. Embedded researchers are
indicated by an asterisk (*)
Rank Degree centrality Betweenness centrality
1 C. C. Grant* 105 S. M. Ferreira* 19,332
2 N. Govender* 100 C. C. Grant* 9017
3 R. G. Bengis* 85 R. Slotow 8867
4 M. G. L. Mills* 84 C. Packer 7422
5 R. Slotow 83 I. P. J. Smit* 6577
6 M. Hofmeyr* 74 M. Hofmeyr* 6186
7 S. M. Ferreira* 70 N. Owen-Smith 6075
8 P. E. Buss* 64 D. Zimmermann* 5346
9 H. H. T. Prins 63 A. R. Deacon* 5178
10 W. J. Bond 62 D. Govender* 4792
11 H. C. Biggs* 56 M. C. Oosthuizen 3967
12 R. M. Randall* 51 I. J. Whyte* 3847
13 G. I. H. Kerley 50 J. M. Botha* 3729
14 M. J. S. Peel 50 P. E. Buss* 3679
15 F. van Langevelde 49 P. C. Cross 3455
16 I. P. J. Smit* 49 H. C. Biggs* 3356
17 D. F. Keet* 48 M. A. McGeoch* 3347
18 M. A. McGeoch* 47 S. J. O’Brien 3316
19 A. K. Skidmore 46 M. J. S. Peel 3297
20 M. H. Knight* 44 D. F. Keet* 3031
Mean (and range) for all embedded
authors
17.7 (1–105) 1047.3 (0–19,332)
Mean (and range) for all external
authors
6.8 (1–83) 70.1 (0–8867)
Median for all embedded authors 8 54
Median for all external authors 5 0
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Proximity to collaborating universities
With the exception of Kalahari Gemsbok ([900 km) and Kruger (400 km), the utilized
parks are very close (\50 km) to one or more of the collaborating universities. A large
proportion of papers addressing issues in parks other than Kruger were produced by the
Cape Town, Stellenbosch and Nelson Mandela Metropolitan Universities (Fig. 3). These
universities are located in the Western and Eastern Cape Provinces, and are close to the
Table Mountain, Garden Route and Addo Elephant National Parks, where fynbos and
thicket vegetation, and marine environments occur. Although a large proportion of
papers produced by these Cape universities addressed savanna ecosystems (45, 41, and
18 % of papers for Cape Town, Stellenbosch and Nelson Mandela Metropolitan
respectively), they also addressed fynbos and marine ecosystem types (42, 40, and 29 %
of papers for Cape Town, Stellenbosch and Nelson Mandela Metropolitan respectively).
In addition, 36 % of the papers produced by Nelson Mandela Metropolitan University
addressed the thicket ecosystem type, which is dominant in the nearby Addo Elephant
National Park. Both Kruger and Kalahari Gemsbok compensate for the disadvantage of
distance from collaborating universities by providing dedicated accommodation for
researchers. The under-utilized parks, on the other hand, are all remote (300–700 km)
from any of the prominent collaborating universities, and lack accommodation for
researchers.
Economic viability
All of the utilised parks had higher ratios of income to expenditure compared to the under-
utilized parks (SANParks unpublished data). Parks with higher economic viability are
those that attract larger numbers of visitors, and are therefore arguably more attractive for a
range of reasons.
Park age
Utilized parks are generally those that were established relatively long ago. Three of the
utilized parks were established in the early twentieth century (Table 1). The Garden Route
National Park, although established in its current expanded form in 2009, has existed as the
Tsitsikamma National Park since the early 1960s. The exception is the Table Mountain
National Park, established as a National Park in 1998, but with some previous conservation
history (van Wilgen 1996). By comparison, under-utilized parks tend to be more recently-
established, three of them as recently as 2005–2007 (Table 1).
Park size
The utilized parks also include the four largest of the South African National Parks
(ranging in size from 164,233 to 1962,362 ha), with the exception again being the
Table Mountain National Park (Table 1). Three of the under-utilized parks are relatively
small (\20,000 ha), but both the Namaqua and Tankwa Karoo parks are relatively large
([120,000 ha).
It appears from the above that researchers have favoured older, larger, and arguably
more aesthetically-appealing parks that are either close to hand or that have subsidized
research accommodation facilities, and that have established experimental setups or useful
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long-term data. Research activities in some of the newer and smaller parks may still grow,
but they will remain at a disadvantage as they are relatively remote and they lack facilities
to support collaborating researchers.
Relevance of research to management of protected areas
We wanted to know whether research has been useful in producing a body of knowledge
that would inform the development of management policies and practices in South Africa’s
National Parks. The Kruger National Park in particular has benefited for several decades
from a strong background and culture of collaboration between managers and researchers
(Biggs and Rogers 2003; Joubert 2007), leading eventually to a robust system of adaptive
management in the early 1990s (Roux and Foxcroft 2011; van Wilgen and Biggs 2011).
However, the usefulness of research has not always come about in the way that was
originally envisaged. For example, the Kruger National Park Rivers Research Programme
(Breen 2000) that was initiated in 1988, initially intended to focus on the biophysical
aspects of river ecology. However, it was later recognized that effective river conservation
would depend more on active engagement with managers and other stakeholders, and
much less on ecological understanding, leading to a substantial change in the focus of the
research project (Pollard et al. 2011). Another example is provided by the Kruger National
Park’s long-term fire experiment, which was originally intended to provide direct input into
fire management policy, but was less influential in doing this than would have been
expected. In the first place, the variety of fire treatments had less effect on the vegetation
than was originally expected. The design of the experiment also reflected the ecological
understanding of the 1950s (stability and regularity), and did not cater for changing eco-
logical paradigms (flux and variability); as a result, the experiment had little direct
influence on changes in management policy (van Wilgen et al. 2007). Notwithstanding this,
fire managers did accept that basic research influences the understanding of fundamental
ecosystem function, and they recognized that the fire experiment did contribute to pre-
dictive understanding (van Wilgen et al. 2007). The Kruger National Park also found itself
unable, in the early 1990s, to defend its policy of elephant culling, due largely to a lack of
scientific evidence for putative damage by large numbers of elephants. Elephant culling
was terminated pending the outcome of an assessment of the issue (Scholes and Mennel
2008), while subsequent research has begun to build a much clearer picture of the effects of
elephants and fires on tree populations (Shannon et al. 2011; Vanak et al. 2012; Asner and
Levick 2012). The information generated by these exercises will almost certainly place
managers in a better position to defend any policy that they come up with to manage
elephants in future.
Disease-related research was also confined to the Kruger National Park, where bovine
tuberculosis was transferred in the 1960s from domestic cattle to wild buffalo populations,
and later to lions. There was a concern that this introduced disease would negatively affect
wild populations, and hence research has sought to develop an understanding of effects and
to monitor factors related to disease prevalence. To date, no drastic management inter-
ventions have been necessary. In other National Parks in South Africa, either the wild
buffaloes have remained free of disease, or the parks have been re-stocked with disease-
free animals.
In contrast to Kruger (proclaimed as a National Park in 1926), the five National Parks in
the fynbos ecosystems are relatively new. With the exception of the (relatively small)
Bontebok National Park (proclaimed 1961), and the West Coast National Park (proclaimed
1985), the other parks have all been established relatively recently (6–17 years ago,
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Table 1), and the Cape Research Centre was only established in 2008. The area has
therefore until very recently lacked the research infrastructure that characterises Kruger,
and management guidelines for these ecosystems have been based on research undertaken
in other areas (see, for example, van Wilgen 2009). The remaining National Parks have not
had much attention from researchers yet (only 25 % of papers addressed issues in 15 out of
19 parks, Fig. 4). The possible reasons for this are discussed above.
The bulk of research carried out has also arguably not always addressed the priority
threats to conservation. For example, attendees of the Kruger National Park’s 2013 annual
research meeting participated in an exercise to identify and prioritize threats to the con-
servation of protected savanna ecosystems. The findings were based on inputs from 133
participants, including researchers, managers and post-graduate students (I.P.J. Smit,
unpublished data). A total of 33 threats were identified. Of the top 10 priority threats, four
were of a biophysical nature, and included the degradation of freshwater ecosystems
outside of protected areas, global change, changing land-use outside of protected areas, and
invasive alien species. The remaining six were of a social nature, and included issues
related to poor governance, relationships with neighbouring communities, changing social
environments and norms, political pressures, and poaching. A comparison of these prior-
ities with the published papers suggests that the social issues, regarded as very important,
have received relatively little attention from researchers. Social research made up less than
12 % of all papers, and half of these were on socio-economic benefits, tourism, and visitor
perceptions (panel F in Fig. 8). Research into freshwater ecosystems contributed 5 % of all
papers, while climate, and climate change-related papers (Climate, climate change; and
Threatening processes, climate change in Table 2) contributed 0.8 % of all papers. Inva-
sive alien species received somewhat more attention, contributing 5.3 % of all papers.
While the above may be interpreted as indicating that research has neglected some
priority issues, it also needs to be considered that many of these issues will not be solved
primarily by research. This became apparent with regard to the social threats in the Kruger
National Park Rivers Research Programme (Breen 2000), as mentioned above. Those
tasked with addressing these issues prefer processes of engagement with stakeholders, and
tend to pay much less attention to the publication of their findings. On the biophysical side,
however, there is certainly scope for increasing the research effort regarding the man-
agement and conservation of freshwater ecosystems in a holistic way. Global change issues
and how they will affect protected areas, will also require research attention, and this has
already been initiated (see, for example van Wilgen et al. 2013, 2015; van Wilgen and
McGeoch 2014).
It is also evident that research into marine ecosystems has not featured strongly, despite
the fact that five National Parks include substantial marine components (Table 1). National
Parks that include marine components are relatively recent additions (or, in the case of the
Addo Elephant National Park, the marine component is a recent addition). Marine research
contributed 8 % of all papers, and half of these papers were from the Garden Route
National Park, which includes the former Tsitsikamma National Park with a substantial
marine component that was established in the 1960s. Research there has been instrumental
in demonstrating that populations of resident reef fish can recover remarkably when
inshore marine areas are protected (Buxton and Smale 1989; Cowley et al. 2010), and this
has provided motivation for the establishment of additional marine protected areas
elsewhere.
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The benefits of embedded researchers
Our analysis suggests that embedded researchers play an important role in the generation
of knowledge relevant to the management of protected areas. They are important collab-
orators in a wider network of researchers with interests in ecosystem conservation and
management. They provide their external colleagues with access to data and they offer the
opportunity to address real-world conservation challenges in protected areas. Within the
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connected and influential. Collaborative research involving author teams made up of
embedded and external researchers are more likely to focus on management-relevant issues
than teams of external researchers alone (Fig. 10), get slightly more citations on average
(Table 4), involve more co-authors (5 co-authors compared to 3.3) and hence are more
collaborative. The protected area management system benefits through the generation of a
large amount of additional relevant research that would arguably have been much less in
the absence of embedded collaborators. Of the 1026 papers in our dataset, 267 were
collaborative efforts between embedded and external researchers, and a further 718 papers
were generated without authorship from embedded researchers, although embedded
researchers often provided inputs and logistical support to these projects as well. This
additional output has been generated in no small degree by the availability of historical
data collected by, and from experiments set up and maintained by embedded researchers. It
also arises from intellectual engagement between embedded and external researchers, and
is due in part to the existence of a culture that encourages research in protected areas.
The maintenance of an in-house research capacity can therefore be instrumental in
improving protected area management by understanding management requirements,
maintaining appropriate experiments, and leveraging the development of relevant knowl-
edge and management guidelines. The ability to leverage further benefits through col-
laboration with national and international external research partners is due to an
organizational culture that embraces research (Fig. 11a). External researchers also benefit
through access to research sites, data, and the challenge of real-world management
requirements, and are able to also make contributions to global understanding as well as to
shaping local solutions. In the absence of an in-house research capacity, communication
between researchers and managers is weak, and managers are disadvantaged by the
absence of a capacity to interpret new understanding as it emerges; consequently, they
have to rely on internal learning to adapt management practices (Fig. 11b). We believe that
the maintenance of an in-house research capacity will benefit protected area management
compared to a situation without such a capacity, which would be characterized by weak or
disconnected communication between the research and management communities.
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